Coagulase-negative staphylococci (CNS) are normal inhabitants of human skin and mucous 11 membranes. They have long been dismissed as culture contaminants, but now the potentially 12 important role of CNS as pathogens and their increasing incidence has been recognized. 13
Accepted Manuscript
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. identification (Heikens et al., 2005) . The results showed that tuf gene sequencing is the best 71 identification method (5 of 57 isolates misidentified). The API staph ID test (BioMérieux, Marcy 72 l'Etoile, France) appeared to be a reliable alternative (7 of 57 isolates misidentified). The 73 performance of the BD Phoenix system (Becton Dickinson Diagnostic Systems, Sparks, MD, USA) 74 was poor. A recent study (Layer et al., 2006 ) compared 3 phenotypic, commercial identification 75 methods with a molecular identification method (gap based terminal restriction fragment length 76 polymorphism analysis) as reference method. The BD Phoenix ID-13 system (Becton Dickinson 77 Diagnostic Systems) identified 18 of 27 reference strains and 70 of 86 clinical isolates correctly, the 78 VITEK 2 ID-GP system (BioMérieux) 20 of 27 reference strains and 80 of 86 clinical isolates, the ID 79 32 STAPH system (BioMérieux) 23 of 27 reference strains and 19 of 20 clinical isolates. Thus, 80 genotypic methods are superior to phenotypic methods, but some phenotypic methods have a highly 81 M a n u s c r i p t 5 acceptable level of identification accuracy when used in routine practice (Heikens et al., 2005; Layer 82 et al., 2006) . 83 84
Species distribution 85 86
Interpretation and comparison of the species distribution found in different studies is very 87 difficult. The type of identification method used, may influence the species distribution found and 88 some Staphylococcus species demonstrate habitat or niche preference. S. capitis for example is 89 mainly found on the adult head, S. cohnii on the feet. S. saprophyticus is found in urine of young 90 women (Kloos et al., 1994; Bannerman, 2003 (Chaudhury et al., 2007) . A Japanese study (Kawamura et al., 1998) found a 96 very high percentage of S. caprae (14%), while the frequency of isolation in other studies is very 97 low. In the study by Kawamura et al., 1998 , all isolates were identified by a DNA-DNA 98 hybridisation and by conventional, phenotypic identification based on the Kloos and Schleifer 99 method. None of the S. caprae isolates was identified correctly by the phenotypic method. 100
In Spanish point prevalence studies in a large group of hospitals, performed from 1986 to 101
Virulence factors 115
116 Already in 1972, the "slime" production of CNS was noted as an important factor in the 117 pathogenesis of infections (Huebner et al., 1999) . This "slime" or biofilm is the most important 118 virulence factor of S. epidermidis. The biofilm formation enables attachment and persistence of the 119 bacteria on foreign materials. Moreover, bacteria organized in biofilms are protected from the action 120 of antibiotics and the immune system (Costerton et al., 1999; Mack et al., 2007) . The first phase in 121 biofilm formation is attachment, in which staphylococcal binding proteins such as the 122 autolysin/adhesins AtlE and Aae, the fibrinogen-binding protein Fbe/Sdrg, the fibronectin-binding 123 protein Embp and the lipase GehD, play an important role (Mack et al., 2007) . The most important 124 adhesion molecule is AtlE. The second phase in biofilm formation is accumulation, in which the 125 polysaccharide intercellular protein PIA, encoded by the icaADBC locus, is a major functional 126 component (von Eiff et al., 2002; Mack et al., 2007) . In strains lacking the icaADBC locus, biofilm 127 formation is mediated by the accumulation-associated protein (Aap) or by the biofilm-associated 128 protein (Bap/Bhp) (Ziebuhr et al., 2006) . Recently, 2 biofilm producing strains, negative for PIA, 129
Aap and Bhp, have been described (Qin et al., 2007) . The regulation of biofilm formation is very 130 complicated and best studied in S. epidermidis. Different regulatory systems, such as sae, alternative 131 sigma factor σ B , sar and quorum sensing (this is inter and intra species communication, possible 132 when a certain bacterial density has been established) systems play a role (Xu et al., 2006; A c c e p t e d M a n u s c r i p t 7 al., 2007). The 2 quorum sensing systems in S. epidermidis, agr and luxS/AI-2, repress the biofilm 134 formation: luxS system by downregulating PIA production, agr system by downregulating AtlE 135 production. Agr controls the expression of toxins and secreted virulence factors and the interaction 136 with the immune system (Kong et al., 2006) . Quorum sensing systems have potential as therapeutic 137 targets for control of staphylococcal infections (Harraghy et al., 2007) . Another important virulence 138 factor of CNS is the antibiotic resistance. Regulation of biofilm formation and methicillin resistance 139 seem to use similar pathways, as insertion of a certain transposon influences both biofilm formation 140 and the expression of methicillin resistance (Mack et al., 2007) . Methicillin resistance was found to 141 be significantly higher in slime positive isolates (81%) than in slime negative isolates (57%) (Koksal 142 et al., 2007) . 143
The phenotypic variability and heterogeneous gene expression observed in CNS, especially in 144 S. epidermidis, is an advantage for adaptation to changing environmental conditions (Ziebuhr et al., 145 2006) . 146
Other potential virulence factors of S. epidermidis include the following: extracellular 147 enzymes and toxins: metalloprotease with elastase activity, cysteine protease, serine protease, lipase, 148 fatty acid modifying enzymes (FAME) and the δ-toxin. mecA and IS256 were all highly prevalent in invasive strains. Commensal strains from healthy 155 individuals almost completely lacked icaADBC, mecA and IS256. However in the commensal 156 strains isolated from hospitalized bone marrow transplant patients the studied genes had the same 157 distribution as the invasive strains, suggesting replacement of their own commensal flora by hospital 158 strains. As a consequence these genes cannot discriminate between invasive and commensal strains. Resistance to antibiotics in CNS is of major concern. Penicillin resistance in CNS is very 173 high: even in 1968 the resistance rate was 60% (Corse et al., 1968) . Nowadays, resistance is around 174 mechanisms to glycopeptides in CNS are not yet fully understood. Most reports show that resistance 208 mechanism in CNS is similar to that described in VISA and hetero-VISA strains (Nunes et al., 2006) . 209
This mechanism is multifactorial, expression related and can be selected, in vitro, by exposure to M a n u s c r i p t S. saprophyticus has also been isolated from 7% of rectal swabs taken from carcasses of 286 cattle and pigs. The micro-organism is a common contaminant of various food samples, especially of 287 raw beef and pork (Raz et al., 2005) . In humans, the major reservoir of S. saprophyticus is the 288 gastrointestinal tract. The following risk factors have been identified: recent sexual intercourse, M a n u s c r i p t 13 outdoor swimming and meat processing (Huebner et al., 1999) . Colonization and infection is more 290 frequent during summer and fall. 291
Other CNS species, mainly S. epidermidis, are occasionally found as causative organisms in 292 UTI (<5% of UTI in hospital environment). S. epidermidis is usually isolated from hospitalized, 293 elderly patients with urinary catheters or other manipulations to the urinary tract (Rupp et al., 1994; 294 Raz et al., 2005) . 295 296
Endocarditis 297 298
The incidence and characteristics of CNS endocarditis were studied in a large cohort of 299 patients from the International Collaboration on Endocarditis Merged Database (Chu et al., 2004) . 300 CNS accounted for 7% of cases of definite native valve endocarditis (NVE), excluding endocarditis 301 associated with injection drug use (Chu et al., 2004) . Most CNS NVE is caused by S. epidermidis 302 (85%). The remainder is caused by S. hominis (6%), S. lugdunesis (5%), S. capitis, S. caprae and S. 303 simulans. Rates of heart failure and mortality were found to be similar between patients with CNS 304 and S. aureus NVE (Chu et al., 2004) . Patients with NVE caused by staphylococci were significantly 305 more likely to have health-care associated endocarditis than patients with viridans streptococcal 306
NVE. 307
In a study from 1999, streptococci are responsible for 48% of cases of infective endocarditis, 308 S. aureus for 23% and CNS for 6% (Hoen et al., 2002) . These frequencies were also found in a study 309 conducted between 1951 and 1965: S. epidermidis was the third most frequent isolated organism (in 310 10% of cases) in cases of bacterial endocarditis, after viridans streptococci (47%) and S. aureus 311 (24%) (Dalton et al., 1967) . Injecting heroin users are susceptible to right-sided endocarditis due to S. Throughout the 1960s and 1970s, Gram-negative organisms were the most common pathogens 330 isolated from patients with nosocomial blood stream infections (BSI) (Wisplinghoff et al., 2004) , but 331 in one study (Dalton et al., 1967) , between 1951 an 1965, S. epidermidis accounted for 23% of 332 positive blood cultures in patients with suspected bacteremia. Second and third most frequent 333 isolated organism was S. aureus (12%) and Corynebacterium species (12%). The high rates of 334 common skin bacteria (such as Corynebacterium species and S. epidermidis) in the study by Dalton 335 et al., 1967 , raise concern about the clinical significance. The incidence of bacteremia caused by 336 CNS rose between 161% and 754%, respectively in large teaching and small non-teaching hospitals, 337 between 1980 and 1989 (Rupp et al., 1994) . During 1986 -1989 CNS were the most frequently 338 reported cause of BSI, accounting for 27% of BSI (Schaberg et al., 1991) . 339
In a nation wide surveillance study in the USA, performed between 1995 and 2002, CNS 340 accounted for 31% of all nosocomial BSI (Wisplinghoff et al., 2004) . The crude mortality of BSI due M a n u s c r i p t 15 to CNS was 25.7% in an intensive care unit (ICU) and 13.8% in a non-ICU ward. In Flanders, 342
Belgium, CNS account for 25.9% of all nosocomial BSI. Forty-eight percent of BSI cases in 343
Flanders were due to catheter related sepsis, 32% to sepsis of unknown origin, and 20% were 344 associated with another infection or an invasive manipulation (Suetens et al., 2002) . 345 CNS are the most common pathogens in catheter-related infections (50-70% of cases). In 346 addition to bacteremia, CNS, mainly S. epidermidis, can cause exit-site infections, tunnel infections, 347 infected thrombophlebitis, endocarditis and abscesses (Rupp et al., 1994; Huebner et al., 1999) . At 348 the time of removal, 8-40% of all catheters are colonized by CNS (Rupp et al., 1994) . 349
Positive blood cultures with CNS can be explained by contamination, true bacteremia or transient 350 benign bacteremia (Rupp et al., 1994) . It may be very difficult to distinguish between infection and 351 contamination. As the positive predictive value of a blood culture growing CNS varies from 6 to 352 12% (Correa et al., 1999) , the criteria used for defining true bacteremia influence reported CNS 353 prevalence. The CDC criteria for defining bloodstream infection (Garner et al., 1988) are used in 354 most of the studies. The intensity of surveillance also influences the reported BSI incidence and 355 prevalence of CNS. 356
There is increasing evidence that the mucosa, rather than skin, is the likely source of CNS 357 bacteremia in cancer patients (Costa et al., 2004; Costa et al., 2006) . A recent study showed that 358 among cancer patients with CNS positive blood cultures and an indwelling central venous catheter 359 (CVC), the mucosal sites were the most frequently colonised by CNS (nasal mucosa in 86%, rectal 360 mucosa in 40%). The skin at the CVC site was colonised by CNS in 32% of patients. Among patients 361 with true bacteremia, 6 mucosal isolates and only 1 skin isolate were genetically related to the isolate 362 recovered from blood based on pulsed-field gel electrophoresis (Costa et al., 2006) . A review of the 363 literature confirms that CNS colonise mucosal sites including gut, nares and throat and may 364 translocate from mucosal sites to the bloodstream (Costa et al., 2004) . This is supported by 365 epidemiological, experimental, clinical and molecular relatedness studies. The assumption that the 366 skin is the primary source of CNS infection has been the reason to try to achieve a reduction of CNS M a n u s c r i p t catheter related bacteremia with skin decontamination and the use of maximum barrier precautions at 368 the time of CVC insertion. However, not all studies show a positive effect of these two interventions 369 (Costa et al., 2004) . Neurosurgical devices (ventricular shunts, implantable stimulators, intracranial pressure 382 devices) are frequently used. Of the pathogens isolated from ventriculoperitoneal shunt infections in 383 pediatric patients less than 8 years old, 53% were CNS (Filka et al., 1999) . Clinical symptoms can be 384 subtle and nonspecific. (Huebner et al., 1999) . In a review of CSF shunt infections, caused by a 385 single pathogen, CNS and S. aureus were isolated with equal frequency, i. e. in 23% of cases each 386 (Wang et al., 2004) . Others reported that CNS are the most common cause of shunt infections (40-387 60% of infections) (Rupp et al., 1994) . In a retrospective study, pure culture of CNS accounted for 388 11% of cases of adult bacterial meningitis (Huang et al., 2005) . All cases had post-neurosurgical 389 states as underlying condition. 390 CNS cause 17-56% of episodes of continuous ambulatory peritoneal dialysis-associated 391 peritonitis (Rupp et al., 1994 , Monsen et al., 2000 . S. epidermidis is the predominant species (78%) 392 followed by S. haemolyticus (11%) (Monsen et al., 2000) . From 1991 to 1998, the incidence of M a n u s c r i p t dialysis-related peritionitis caused by S. epidermidis decreased, probably due to the introduction of a 394 new dialysis system. Even so, S. epidermidis was still the most common cause of peritonitis in 1998, 395 causing 28% of culture positive cases (Zelenitsky et al., 2000) . 396
Up to 60% of vascular graft infections and 20-40% of prosthetic joint infections are caused 397 by CNS (Rupp et al., 1994) . S. aureus is the most common pathogen isolated from surgical site infections (SSI) (20%), 405 followed by CNS (14%) and Enterococcus species (12%) (CDC, 1996) . In a secondary care hospital, 406 CNS were the third (10%) most frequently isolated micro-organism, after S. aureus (21%) and 407
Streptococcus species (11.2%) (Cantlon et al., 2006) . Outbreaks of SSI originating from operating 408 room personnel have been reported, but probably most infections are indogenous (Huebner et al., 409 1999) . Sternal osteomyelitis following median sternotomy is caused predominantly by CNS (Rupp et 410 al., 1994) . 411 infections. The increase of CNS infections is particularly high in bacteraemia. CNS are now a major 438 cause of nosocomial or health care related infections. The consequences of these infections are 439 substantial, both in morbidity and mortality and in financial costs. Clonal spread of CNS clusters 440 within and even between hospitals has been demonstrated. This is of major concern as CNS are often 441 multi-drug resistant and can serve as a reservoir of resistance genes. Implementation of infection 442 control measures similar to those used for MRSA may be necessary to prevent further spread of 443 methicillin and multi-drug resistant CNS. 
